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FIREBALL CALCULATIONS - SHOT WRANGELL 

1.0     INTRODUCTION 

Shot Wrangeil was a 1500-foot balloon shot sponsored by LRL and 

detonated on 22 October 1958 in Area B-Fa of the Nevada Test Site at 

0850 PST. 

The fireball yield was 67. 3 tons + 5. 0 tons. 

2. 0     CAMERA INSTRUMENTATION AND OPERATION 

Photographic coverage of fireball growth was provided by four 

high-speed Eastman cameras,  two each at Station F-362 (6 x 6 No.   2) and 

Station F-369 (6 x 6 No.   3).    In addition,  two Rapatronic cameras were 

located at each of these stations to record early fireball growth. 

Three Eastman cameras and three Rapatronics provided good 

records.    The remaining Eastman and Rapatronic,   because of 

malfunctions,  did not provide records suitable for analysis. 

The station locations, together with the burst location,  are shown 

in Figure 1.    Figure 2 contains the Survey Data. 

3.0     RESULTS 

Application of phi-comparison    (EG&G Report No.   B-1869) 

for Shot Wrangell indicates a yield of 67. 3 tons + 5. 0 tons. 

An air density of 1. 057 grams per liter was used in the yield 

calculations, based on a pressure of 863 millibars,  a temperature of 

11. 1°C,  and a relative humidity of 13 percent at the height of the device 

at shot time. 
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The following table shows the Wrangell yield as obtained by a 

phi-comparison to various other low-yield devices: 

Comparison Shot Wrangell Yield 
Tons 

Air Drop 

Wasp 66.74 

Buster Baker 62. 41 

Wasp' 6 6.38 

Ranger E 63. 56 

Ranger A 66. 73 

Osage 71.64 

Tower 

Hornet 64.97 

Chaves 72.97 

Rio Arriba 73. 19 

Quay 64.44 

Humboldt 64. 58 

Balloon 

Hidalgo 66.46 

Lea 71.03 

W   =    67.3   tons 

Diameter-time and phi-time plots are shown in Figures 3  and 4. 
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»' * 

The following data sheets are included for each film: 

(a) Photo Plan and photo Loading Chart 

(b) Camera Data and Calculation Sheet 

(c) Diameter Measurement Sheet 

(d) E-102 Print-Out Sheet of D,  t,  and 0 

Appendix A contains photographic examples of early fireball growth. 

The zero-frame times of the Eastman records v/ere determined by 

comparison with the Rapatronic diameter-time data. 
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Table I 

Hardtack Phas^ II,  Wrarcgell 

Average Diameter vs.  Time 

Time (msec) 
Diameter (Meters) 

0.5 
19. 5 

1.0 
25.0 

1. 5 
29.0 

2.0 
32.0 

2. 5 
34.0 

3. 0 
36.0 

3. 5 
37.5 

4.0 
38. 5 

4. 5 
39.0 

5. 0 
40.0 

5. 5 
40. 5 
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CAMERA   DATA   a  CALCULATIONS 

FILM NO.  60s3? 

CAMERA NO.   /€- 3o 
STATION NO f;^j , 

EQ. AR 
TEST iv/zQ A/6-et /. GAISU.ATEO ftYtjfe-e 

DATE: /z/2/se 

A (AIMING POINT) 

CAMERA 

A.     R°/A = CBh cos a cos ft + (HB -He) sin ß 
a =    ö°öo 

COS a =  /. 00000 

CBh=  J6 7<5.,2 ^ 

CBh cos a COSß= 364-8. 6m 

ft =     7° 02' 

COS ft =   <?. 99Z48 

sin ft= 0./ZZ4-S 

B.     FOCAL   LENGTH    479.30 m 
AHsinft = Jjr. j- /7? 

IV 

C.     MAGNIFICATION   FACTOR     (meters/in.)    /96.Z9 

D.      ZERO   TIME   CORRECTION    0.49  »Scc JeU Ü 

16- 

HORIZOWTAL 
PROJECTION 

HB- 4S77 fT- 

^Z^Sofö ft 

b\\~ 74.87ft= 44-3.2 rr> 
R°/A=  I 37Q4./ sr> 

EDGERTON,   GERMESHAUSEN, S GRlES. INC. 



CAMERA   DATA   a  CALCULATIONS 

FILM WO, 60^4.0 

.CAMERA NO. /?-j4 EQ. AP. 
JTEST  &*/>#&£ L± CALCULATED &r.j£c 

DATE: /z/z/j-A 

A (AIMING POINT) 

A.—R°/A*CBh cos a cnnfl + (HB-Hn) sin £ 
__0=tf*tf<j' 

COS a s   / 00000 

CBh=   J^ 7 A   ? sn 
CBhCOSg cosß^i^o ^ 

■ß= 7° oz' 

 ■  ^c/r-o.fo m 1   nn 

B.     FOCAL   LENGTH    4^T7l 

COS fi =   ^   <?<?z^Lg 

AHsin£a  jv, ^ ^ 
/57/T7 

HORIZONTAL 
PROJECTION 

HB-    ^J77 /? 
HC-  3 of a Pj- 

LH~ /487f/=4S3   2. 
R%~  \3 704-Jm 

C     MAGNIFICATI^TgTr^-7^-^. 
Z96.4/ 

l==^^J^^^^^^^^^^l 

17- 
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CAMERA   DATA  a  CALCULATIONS 

FILM Na 6QS43 

...CAMERA NO. "~/?-4 
RATION NO£!42L 

EG. AP. 
TEST /V&/}A/G£/.£. CALCULATED frf:^, 

PATE:  /z/z/sa 

A (AIMING POINT) 

R%-CBh cos a cosg + (HB -HC) sin ß 
a: ö'öö' 

COS a =    /. ooooo 

C8h=      Z /4 8. Z m 

CBh COS a  COS ff = ,2/0/. j />7 

# = /Z ° 00 ' 

COS ß=   0.   ? 78AT 

sin ft =  o z 07?/ 

B.     FOCAL   LENGTH   477.8z 
AH sinff =   9S. o sn 

m m 

HORIZONTAL 
PROJECTION 

HB-  4s77 ff" 

Hc=   3073 f/ 

AH« U??/?-= 4S6. 9\v 

R%=  [Z/4&.3 ™ 

C.     MAGNIFICATION   FACTOR      fm^ /i. ) //£. 7JT 

D.      ZERO   TIME   CORRECTION   TTTZZTJ. /« 2L 

-18- 
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CAMERA   DATA  a  CALCULATIONS 

t_ &». 
CAMERA ''TVfl 

A.     R°/A-CBh cos a cos £ + (HB -Hc) sin ß 

a-       o° oo' j9=    /z° do' HB-  4S7 7 & 
COS   a sr    /.  OÖÖOÖ COS ß =  0. 978/-5~ HC=  3 078  fr 
CBh=    Z/48,Zm sin ß^ ö.Zo 79/ AH~ /49? f7 = 456. ?m 
CBh COS a COSß=£/o/.3/n AHsin£ = 9s.d /» R°A= 1 */7<S.J /^      1 
B.     FOCAL   LENGTH    6 3.9/  wn    (ET/ZS*-) 

FILM NOt 6oS4f 
GAMERANO ^-^ 

STATION NO £;^%7 
EQ. AP. 

TEST MfXMGELl. CALCULATED Üt\T£c 
OATE: /Z/2/S8 

A (AIMING POINT) 

HORIZONTAL 
PROJECTION 

C.     MAGNIFICATION   FACTOR     (meters/in.)   87Z.9 

D.      ZERO   TIME   CORRECTION   ö.Zo ms<c     h f, rarnc 

-19- 
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DIAMEIER MEASUREMENTS 

SHOT WRANGELL 
FILM NO. 60545 

Far* No*   Mag.    DI    Dg.    D3 D?25 
FTSOJHJSS ■ 

D  (m)  t (as) 

0      29. 00    0045  0Ü4o' 13. 7 IT " ' '" "WZÜ— 
1              0068  0066 20. 17 0. 60 
2              0084  0080 94 RR 1. 00 
3              .0093  0092 27.84 1. 39 
4              0101  0101 30 ^9 1. 79 

5              0108  0107 32. 30 2. 19 
6 0113  0114 
7 0119  0118 

34. 16 9   59 
■** R7 2. 98 

. .37,02 
8              0124  0122 3ft 08 

3. 38 
9              0128  0125 39. 43 3. 78 
10             0132  0130 39. 43 4. 18 
11             0132  0130 40 48 4. 57 

12             0135  0134       . 40. 64 4. 97 
1 ?           n1^R  n1?4      - 5 37 

- 

READ BY_ 

DATE 

JEC    GGO 

11/4/58 

TYPED BY 

DATE 

REMARKS: 

-20- 
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D 

3 4 i ö 

370? 
3PT;3 
3 9 4 3 
3 Q 4 3 
4f;4 3 
4 0 ';4 

FIREBALL   CALCULATIONS 

SHOT WRANGFLL    F1LM  N0. 

20 17 
2 4 60 

30 4 0 
1 39 

-     ' > ■.     '-C 

3 "^pr 42 
179 3 41 4 4P 
2 19 3 4 7r"Q3 
'' s> 
p C2 0 

"7 33 
•7 "7P 

4 1 8 
/: 
4 07 

"74^6 
3 611 c2 
3 6 39 76 
3 674 60 
3 674 60 
3 70089 
3 7^4 p^ 

DATE 

lnD Int t% 

l.r09<15- 
c ] r,-io - P •• -, 1  r --7 

• -' J- >.   < 
P,7 1 0 000 31 

329 33 1 1 4OP 0 6 
--■2 26 12 622 6- 
7S3P5 13 6 3260 
Q5j 33 1«632 10 

1 0 91 89 1 6 4 76 PO 
1217 90 1 6 276 92 
1 329 79 17 021 94 
1 4 30 38 17 720 80 
1 c1936 1*364 33 
1 *" C 3 4 3 I« 9 9 0 p* 
1 6P,p79 1 9 cP,-7 7 4 

6054ft. 

* 

P.61 7 ^2 
?9 ^00413 "V^onZ     V^f^X ~^8C 

<•. -»  /  4 _> 

24 6 ~9 
2 4403 
2 4 0 f- 3 
2 3 6 50 
2 33 4 5 
2 3047 
227 4 3 
223 71 
?'?2 50 
214 70 
? 1 3 1 5 

.-21- 



CAMERA   DATA   a  CALCULATIONS 

as 
FILM NO. 60S4-4- sw|o^Na£ri.3 TEST tf£4Aj<?££<L CALCULATED &f:J£c 

CAMERA NO. ±-ZS EQ. AP. DATE: /z/z/s8 

A (AIMING POINT) 

CAMERA 

HORIZONTAL 
PROJECTION 

A.     R% = CBh cos o cos£ + (HB -HC) sin ß 

a=       o"  oo' ß=       /2° Oö' HB-  4JV7 // 
COS a =  /. ooooo COS £ =   0. 7 78 /S HC= 3o78ff 
CBh=    2/4-8. >2  /n sin /3 = o.Zo 79/ AH« /4??f/^ 4S6.9'»> 
CBh COS a   COS £=,?/<?/. 3 m AH sin£ = JS.om RU/A=    U/?£.J//7            1 

B.     FOCAL   LENGTH   /0/.8 rr>„  (&A S4<f) 

C.     MAGNIFICATION   FACTOR     (meters/in.)  ^VZ ? 

D.      ZERO   TIME   CORRECTION   o.a/m<c       0.0/4><mc 

22- 

EDßERTON,   GSRMESHAUSEN, S GRiER, INC. 



DIAMETER MEASUREMENTS 

SHOT      WRANGELL FILM NO.   60544 

FT. No. tfe*. Dl D2 *3 D?z? 
 Rl&WüM  

D53 (tt)    *(Ba> 

0 48. 15 0090 
0157 
0197 
0225 
0247 
0270 
0286 
0305 
0316 
0315 
0320 

0092 
0157 
0195 
0223 
0248 
0266 
0287 
0300 
0312 
0318 
0325 

10. 36 0. 0! 
1 17 R7 0. 36 
2 22 30 0 71 
3 25. 49 1 06 
4 «?H 17 

I. 42 
3n so 

5 32 60 1. 77 
6 34 42 2. 12 
7 35 73 2. 48 
8 36.02 2. 83 
9 1R 7fl 3 18 
10 3. 54 

READ BY_ 

DATE 

JEC    GGO 

11/4/58 

REMARKS} 

TYPED BY 

DATE 

-23- 
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FIREBALL   CALCULATIONS 

?H„T WRANGELL    RLM  NQ 60544_ 

DATE 

D t InD Int t2* * 

1 0.3 6 /U ■p T ~ 7 r, 5 > 1    n; C O ''-,.! 6^.130 
17c7 36 2 883 17 1 021 59 - 6 64 5 53 268 90 
22 30 71 31C4 c3 3/j;? 53 _ «719 5*6 2 55 74 
? F A 9 106 3 2 3P 21 " 5°. 22 1 C 2 3 5 6 5 2 49 03 
2C 1 7 1 42 3 -*3P 20 "50 70 11 50 5 07 2 4a P 2 
30c0 177 3 417 71 37103 12 566 04 24 2 71 
3 ? i^O 2 12 3 4P. .i33 75137 13 506 0 3 241 37 
3 4 x 2 248 3 53 P68 QQP 18 14380^7 2 39 35 
3P 73 2 p3 3 ^76 05 1 04 0 22 15160 ?2 ? "*K *3 
l-f-^2 3 18 3 ^8413 1 1 "6 P3 1 5 88 4 41 2 26 76 
^6 "0 -* c4 -7 < o o c 4 . 1 2 ^' 4 1 7 -< f. c-, q ^ o o 7 21 33 

-24- 



CAMERA   DATA  a  CALCULATIONS 

FILM NO. 6oS3<o 

Gt&mk m. *- 34- 
STATION NO. £*.£> AJo.Z TEST W^/JA/CE^L 

EQ. AR 

GAIXXJLATEO ttV:j£< 
DATE: /z/2/Sß 

A (AIMING POINT) 

CAMERA 

A.     R°/A-CBh cos a cos ß + (HB -He) sin ß 

a=       o° oa/ 1  ft= 7° oz' 

HORIZONTAL 
PROJECTION 

HB-    4S77& 
COS a =   /. OOÖOO cos £ =   a 9<?Z4 8 He-   3ofo&_ 
CBh=     3 676^Z_jn sin £ = o. /ZZ4-S AH« /487fi* 4S3.24-m 
CBh cos a cos /3 = j^ *<ff. £ „, A H sin £ =   ,5"J". o" /7? R°/A=   I 3 70*. /*? I 

B.     FOCAL   LENGTH    A5^. <9 mm   (sic s4-a) 

C.     MAGNIFICATION   FACTOR     (meters/in.)    <^/^7 

D.      ZERO   TIME   CORRECTION   O.4o m^c   C°-w 

-25- 
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DIAMETER MEASUREMENTS 

8HOT WB ANn^J.T, Fürt NO.       60536; 

F*. No* 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

READ BY_ 

DATE 

REMARKS: 

Mag. Da 

48. 15 0136 0139 
0177 0178 
0204 0207 
0227 0228 
0245 0248 
0253 0261 
0264 0264 
0275 0274 
0284 ■ 0285 
0292 0293 
0299 0300 
0301 0307 
0309 0313 
0315 0316 

GGO   JEC 

11/4/58 

•26- 

17. 59 
22. 70 
26. 28 
29. 10 
31   53 
32, 81 

 flJAOMiW  
DS5 (B)     * (BB) 

irft 
36. 39 
37. 41 
3» 3 
38. 8 

38.78 
.40,3,5 

J 

TYPED BY 

DATE 

0.40 
0. 80 
1. 21 
1. 61 
2. 02 
2. 42 
2. 82 
3. 23 
3. 63 
4. 04 
4. 44 
4. 85 
5. 25 
5. 65 

EÜMKJN, UMMAlÄäl 
& GRIER,  INC. 



FIREBALL   CALCULATIONS 

SHOT WRANflET.T. F,LM  NQ 60536 

DATE  

D t InD Int ft 4> 
■1 "7  r~r-- 
i. ■ •     y .-<o p#P5 7 -79 .°16 21 - J« 9 31 64 p^-x 7^ 
?P 70 PO 3 122 30 223 11 - 9 146 22 24 8 1 8 
2 6 0 8 1 21 3 06 P 74 190^6 10 79?05 24~ ~1 
29 1 0 161 3 "*70 70 476 31 12098 P4 240 K1 31 ^3 2 n2 3450^4 70308 13 24763 23P 00 32 "' 7 
3777 
3^ 1 1 

2^2 
p pp 
3 23 

7 4 9 2 58 
7 c 19 60 
3 *5P.^3 

88369 
1 036 68 
117249 

14 ? 4 0 <"i 9 
.15 138 76 
15 983 90 

230-2 
223-re 
219 65 36 39 3 63 3 594 36 1'28929 16 74 8 39 21 7 27 37 <al 4 04 3 622^1 1 39632 17 480 98 21400 4 44 ^ 64 5 78 1 49071 IP 15364 2110 3 

39 78 
4 P5 
5 25 

? 660^6 
3 6 83^4 

1 57900 
1 6 58 20 

IP 8C6 18 
19 41155 

206 74 
20 4 02 4 Q **> ^ c < ~ •3 <o7 f 7 1 73160 19 989 c6 201 P5 

-27- 



APPENDIX A 

HARDTACK PHASE II, WRANGELL 

PHOTOGRAPHIC EXAMPLES 

•28- 



Camera:   E-34 

Station:    F-362 (6x6 No.   2) 

Time:   0. 40 msec 
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Camera:   R-30 

Station:   F-362 (6 x6 No.   2) 

Time:   0. 49 msec 

-30- 



Camera:   E-25 

Station:    F-3 69 (6 x 6 No.   3) 

Time:    0.71 msec 

31 



Camera:   E-34 

Station:    F-362 (6x6 No.   2) 

Time:    0. 80 msec 
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Camera:   E-2s 

Station:    F-369 (6x6 No.   3) 

Time:    1. 42 msec 

•33- 



■JBH PBBW 

MÄ 

8HHg 
HÜ 

Camera:   E-34 

Station:    F-362 (6x6 Wo.   2) 

Time:    2. 02 msec 



Camera-.   E-2 5 

Station:    F-3 69 (6 x 6 No.   3) 

Time:    2. 43 msec 

-3 5- 



ÜBBH 

Camera:    E-34 

Station:   F-362 (6x6 No.   2) 

Time:    3. 63 msec 

■37- 



Sum a^^»^?i 

Camera:   R-34 

Station:    F-362 (6x6 No.   2) 

Time:    3. 17 msec 

■36- 



I1§1PM 

Hyn 

Camera:   R-4 

Station:   F-369 (6x6 No.   3) 

Time:    5. 07 msec 
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